ABSTRACT
INTRODUCTION
Rhodinol is a mixture of geraniol (3,7-Dimethyl-2,6-octadien-1-ol) and citronellol (3,7-Dimethyl-6-octen-1-ol) (Figure 1 ) (Dowthwaite 2009; Laksmono et al. 2007; Sastrohamidjojo 1994) . It exists naturally in plants such as Cymbopogon nardus (C. nardus) which grows invasively in the wild (Byenkya et al. 2013; Ssegawa 2007) .
The high value and demand of its essential oil made countries like India, Sri Lanka, Burma, Indonesia and Java to grow C. nardus commercially. Geraniol and citronellol, being the two components in the fractional distillation, are known to be inseparable due to their close resemblance in physical and chemical quality (Haake et al. 2004 ). These two individual compounds are valuable chemicals that are often used in soap, fragrances, cosmetics and pharmaceutical intermediates (Ganjewala 2009; Gilpin et al. 2010; Singh et al. 2012; Wany et al. 2013) . Geraniol is especially notable to form geranial which can be used as a starting material for useful chemicals such as ionones, vitamin A, vitamin E and carotenoids (Roelofs 2001; Roelofs et al. 2000; Xing et al. 2009 ). Therefore, geraniol and citronellol as a separated individual is greatly sought for. The difference in allylicity between geraniol and citronellol can be manipulated in order to separate these two compounds. There are many articles reporting the oxidation of allylic alcohol with the use of Iron (Fe), Strontium Manganate (SrMnO 4 ) and supported gold nanoparticles (Abad et al. 2007; Gholizadeh et al. 2004; Join et al. 2011) . Recently, FIGURE 1. Structure of geraniol (left) and citronellol (right) Kon et al. (2008) published a method on chemoselective oxidation of allylic alcohol to aldehyde. This method utilizes hydrogen peroxide (H 2 O 2 ) as an oxidant, producing only water molecules as by-products under a solventless condition. By adapting the method mentioned above, geraniol (allylic alcohol) is aimed to be converted to geranial while leaving citronellol intact. Through this, both oxidised and unreacted citronellol can be separated chemically for individual purposes.
EXPERIMENTAL DETAILS GAS CHROMATOGRAPHY/ GAS CHROMATOGRAPHY-MASS SPECTROMETRY
The quantification of each compound was done with calibration curves below using GC Chemstation Rev. A. 10.01 [1635] software. GC and GC-MS analysis are performed on an Agilent 7890A gas chromatograph coupled with a mass spectrometer system of an Agilent 5975C inert mass selective detector (MSD) with a triple-axis detector. The gas chromatograph was equipped with a fused silica capillary column DB-5 (5% phenylmethylpolysiloxane, 30 m × 0.32 mm, film thickness 1.50 μm). The injector and interface were operated at 250 and 300°C, respectively. The oven temperature was raised from 50 to 300°C at a heating rate of 8°C/min and then isothermally held for 5 min. The constant head pressure was 0.6 bars. Helium was used as carrier gas at 1.0 mL/min. The samples were injected in a pulsed split mode. Mass selective detector was operated at ionization energy of 70 eV, in the 35-500 amu range with a scanning speed of 0.34 s.
STEAM DISTILLATION OF C. NARDUS
C. nardus leaves were harvested at Section 16 Bandar Baru Bangi, Selangor, Malaysia. Leaves were then dried and steam distilled for 3.5 h. The citronella oil extracted was dried from moisture using anhydrous sodium sulfate (Na 2 SO 4 ). Gas chromatography-mass spectrometry (GC-MS) was used to identify the composition of the oil.
FRACTIONAL DISTILLATION UNDER REDUCED PRESSURE
Fractional distillation under reduced pressure was done on the citronella oil to obtain rhodinol in the second fraction. Purity of geraniol and citronellol was identified using the individual calibration curves.
OXIDATION OF RHODINOL TO GERANIAL USING 5% HYDROGEN PEROXIDE IN THE PRESENCE OF PLATINUM BLACK
The oxidation of rhodinol (Scheme 1) was done according to the molar ratio in Table 1 . 0.5 g of rhodinol (1.26 mmol of geraniol) was mixed with 7.4 mg (0.0378 mmol) of platinum black. The mixture was stirred at 90°C in a reflux for 10 min. Drop-wise addition of 5% hydrogen peroxide (2.55 mmol) was added into the mixture over a course of 1 h. The mixture was then heated at 90°C for 2 h and then cooled to room temperature. Then organic phase was washed with sodium thiosulfate (Na 2 S 2 O 3 ) and then extracted using chloroform. Solvent was removed under vacuum and then product was sent for GC analysis and quantification. SCHEME 1. Oxidation of rhodinol The isolation of geranial from the unreacted citronellol was done chemically by using saturated solution of sodium hydrogen bisulfate (NaHSO3). The final product was mixed with saturated solution of NaHSO3 and stirred for 20 min. The white crystals (bisulfite adducts) formed was filtered and washed with chloroform and dried. The filtrate was vacuum evaporated to yield unreacted citronellol. The dried white crystal was dropped with 25% sodium hydroxide (NaOH) (w/v) to obtain an organic and aqueous layer. The organic layer was extracted with chloroform. Solvent was then vacuum removed to yield the original geranial.
RESULTS AND DISCUSSION
The GC chromatogram of the citronella oil steam distilled from C. nardus is shown in Figure 2 . The extracted oil was fractionated in three fractions, to obtain rhodinol ( Figure  3 ) in the second fraction (65°C-70°C at 1.40 mmHg). The amount of geraniol and citronellol in the rhodinol extracted was quantified using individual calibration curve, respectively. It was found that the purity of geraniol is 38.8% while citronellol is 57.0%.
In the oxidation of rhodinol, geraniol is aimed to be converted to geraniol while leaving citronellol being intact. The chemoselective oxidation of allylic alcohol to aldehyde done by Kon et al. (2008) was adapted for this purpose. The results of the oxidation are shown in Table 2 .
The molar ratio [1: 2.03: 0.03] suggested in the paper was utilised to oxidise geraniol to geranial but only 64% FIGURE 2. Gas chromatogram of citronella oil a Based on total geraniol used b Based on geranial formed divided by expected yield of the geraniol was converted (Figure 4 ). An incomplete conversion of geraniol will still lead to a mixture of geraniol and citronellol at the end of the chemical separation. Therefore, the amount of 5% hydrogen peroxide was increased two-fold to achieve full conversion of geraniol. As a result, geraniol was fully converted ( Figure 5 ). Minor citronellal was formed from citronellol. This might be due to the oxidation of individual hydrogen peroxide as it oxidizes very weakly without catalytic activation (Kon et al. 2008) . The yield of citronellal formed from citronellol was shown in Table 3 . Isolation of geranial from unreacted citronellol was done chemically using sodium hydrogen sulfite (NaHSO 3 ). All aldehyde will form bisulfite adduct (white crystal) when react with NaHSO 3 (Armarego & Chai 2009 ).
The white crystals were filtered and washed with chloroform. The filtrate was vacuum evaporated to yield the unreacted citronellol ( Figure 6 ). White crystals collected were reverted back to aldehyde form by adding 25% sodium hydroxide (NaOH) (w/v). The extracted organic phase contains both geranial and the minor citronellal formed. The little amount of citronellal was removed from the mixture by fractional distillation under reduced pressure (60°C at 1.5 mmHg) to yield geranial (Figure 7) .
Platinum black is a precious material that is used frequently in catalysis reaction. Therefore, it can be economical if it is reusable in industrial scale synthesis. The reusability of platinum black on the oxidation of rhodinol was done and the results are shown in Table 4 . The catalytic ability of platinum black shows that it can be used three times without significant drop in reactivity.
CONCLUSION
The separation of geranial and citronellol as a separate individual was successfully carried out. The selective oxidation using activated hydrogen peroxide (H 2 O 2 ) by platinum black managed to fully convert geraniol to geranial with a yield of 81% while minimizing the formation of citronellal from citronellol to 17%. This method is environmental benign because it is solventfree and produces only water as by-product. The geranial formed was isolated from the unreacted citronellol using sodium hydrogen sulfite (NaHSO 3 ).
